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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an AIGalnNP 
base semiconductor light emitting device by which light 
emitting efficiency can be improved. 
SOLUTION: An n type GaAs buffer layer 102, an n type 
(AI0.7Ga0.3)0.5In0.5P clad layer 103, a non doped 
(AI0.5Ga0.5)0.5In0.5LP lower light conductive wave layer 
104, a non doped Ga0.5In0.5P intermediate layer 105a, a 
non doped Ga0.6In0.4 N0.01P0.99 light emitting layer 
106, a non doped Ga0.5In0.5P intermediate layer 105b, a 
non doped (AI0.5Ga0.5)0.5In0.5P upper light conducting 
wave layer 107, a p type (AI0.7Ga0.3)0.5In0.5P clad layer 
108, a p type Ga0.5In0.5P spike preventing layer 109, 
and a p type GaAs contact layer 110, are layered in 
sequence on an n type GaAs substrate 1 10. 
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KMlZs ffi&TtmtLTmmtt'StSG a.Im, N y P 

rff$Qt2] G a A sliilC, (A 1 . G a,-. ) as 
I nns Pi (b<a^l) h (AUGan ) « In 
o.s PI (0^b<a) *asca«LTJBjaLfcTS 10 

zmmfrmt. mtmt, ca 1 . c a > « in 

o.s PI (b<a^ 1) i: (A 1 1 G a i-b ) 0.5 I nos 
PI(0<b<a) *£5fc«JibT«J8L;fc±«£Ji 
ftSlMteSttjlU MEG a A sSfilcttLTMKfc 

T, tWBSftMfc, «^7C^i:LTg^#trG a, I 

if*?. 

c»*s 3 ] 2 1 B«co®^s^«ft u— »r m? 

fcfel^T, mtiu&ktLT&litttSGa, I n,- N, 20 
P,-» Dtlt, (A liGaii ) > I ni-i PA^6ft5 
WS1 £>L< «ft#&fi fe L < It 5 =7 y FS £ ©Mt, 

Sfig7c*i:tTA 1 fca***sa:v>iir~vfliiNMt 

¥gf*U— •fig?. 

[If #31 4] W*fll2*fett3lB«©iB««ffl^»ftU 

A 1 I n P. Gal nPSftttA 1 InPi 
Gain P«JHII)nicflUIL^Btt7«GiTttjftbfci: 

cw*si 5 ] 1 ~ 4 oi^rn^tasKossB^ 

utmvfmitmmi 
[0001] 

[0002] 

[6£3fc©8ffi] fftt&gtf 0. 6 3-0. 6 8 /im©¥ 
mWU— fm¥<Dtift£LTlt, ft*A IGalnPi 
ifim^ZtlT^Zo H7(4«6*OiB«)ttS!A IGaln 
P*¥«ttU— «f^?OBfffi«ii d#P¥7-2 6 3 7 
9 9 f§&mpW) B 7 £ *5^T> llinlGa 

AsStfc, 2BnlGaAs/^77l, 3&ill<Dn 
MCAlai Gao.o ) 0.5 I nas P^Ugjl, 4ltm2(0 
nS (AK< Gao.« )« I nas PtttSJg, 5tinS 50 
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DBRRjrf^H, 6 tiESIS?S14«, 7tip§yDBR£ 
AflRJi. 8fipI!Gau I nos P^BMT 9&pMG 
aAs3y?^H, lOfiS iOi^yM— >a> 

11 (in AMIS, 1 2tipffl!««T*fc*. 
[000 3] nSDBRSirtMisa:, Segg3xi 
0" cm7-ft^3iOAIu I nu Pi: (A lu 
Gau ) ils I nos P£r&Itl 7 0 nm£DJS£T?55 
£2 5jrfO«JiLfcfc©T?fc»K pS!DBRJI7tt, 
Zn?gg3x 1 o" cmV^fX3SOA las I nos 
Pi (A 1 0.7 G ao.3 ) o.s I nos 1 7 0 nm 

[0 0 0 4] ffi*?§g?g1£/f 6ttS e8S3x 1 o" cm 
^tX3|© (A la, Gao.3 ) as I nos P»gjf 
0. 1 /im, 7>K-7'Ga« I nisi P#Fl3n 
m, 7yY—"f (A U< Gao.6 ) as I nas PKSH 
5nm, 7>H— 7Gai« I n» P#Fl3nm> 
Znj*fi3x 1 o" cm7-ft^3S© (Ala, Ga 
as ) as I nas P^gjfO. 1 fi m© D Q WffijgT'fe 
*). GaAs2S«fcit"CTlfrF£a*0. 4%*£<-f 

[0 0 0 5] C©iS«3tS!^»{*U— IfilPfPti, Ett 

Iftffc&n*. LfrL&tf A 1 G a I n P2fc*ffl 
«\ £#^©^;/K>FjI0E#/hS^fci&£ N *?#gtt 

?Zt>\ iMr+'J7ffifittilE<fcoTL*5i:V>3HH 
ttoT, A 1 G a I n P**W?fllJ*LfcSS 
#,BS§I!®fStt¥${*U— *fffHHC*>^T«, mum 

[0006] ifi^, *m#u— ifm?<DU&m&*fa±. 

[000 7] 08ttGa I n N A s 3fc*m*fll^;fc 1 • 
3Mm»©ai»*l!¥3W*b-if*?©»fiB«ift (#H 
¥9-2 3 7 9 4 2^ffi#ja) HSfcfeV 
T, 2 1ttn-GaAsSffi, 2 2 tt n U©*«flc^Ji 
23liGaAs^- »fJi, 2 4ttGaas 

1 no? Na« Asaoo ilgtti, 2 5liGaAsX 
^— !f®, 2 6tip-Ala 3 Gaa, As^-yKl, 

2 7tip-G a A s3>^^MT'$5o 

[0 0 0 8] jgttB2 4fi0. 9 5 e VO^yK^+'V 
7*}foy>K-7 p ©G a I nNAsISfflWi. 
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^mmm^mm 2 2 1 / 4 &&m<D& 

SSffiDGai. Inc.. N0.01 Aso.99 Mt.^W-fo'PX' 

1 /4ifcSJ!4>ffijg}jT$£>G aas I nas Pg*£S£ 

2 7^«lbT^5c £<DM/l&i:£>kS«2 lfcft? 
mfrtZm&ttKW&LT^io ¥*Wl2 2~2 7« 

1 0 /im<ORJB<DS i OiR«Bj*U iinm^t 
LTn^©*S^H^SI>t^2 2cDi£4>ST"^x-y h 
xyf-^LT^tftffc-TS. S i OiV** 10 

[0009] #ic, 

gp<DS i 0 2 -?7>*;g:l&SLT¥±H3«f#5 o CO 
ft. «J7h*7ttlcJ:Dyy^Kop«nMl3 0*** 
U ®c» Z/<9*S*&fc;:9gt*tt$JIM£aMt3 
1*»*U nflWS 3 2 

[0 0 10] ffittBOGa I nNAsSfiifiO^K 20 
'Fjlfifc*^ £ < * ♦> , SfcGaAs S£±K&?§£ t 

a'0.7 A sZZ^v YMtLXm^ZZttfT'ZZo ft 
[0 0 11] 

^t^ffenrv^^o ftT^^mm^-f 30 
*r%**mmzc.£ZEftt-rz e 40 

[0 0 13] M$g4ictts%f!ljH\ ±B@«K:ioitT 

[0 0 14] 
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f^JiRtf ±gP£t*S!£«Jl U li3!2*SliS«fc*f LT 

fc^T, ffflSSBfliK. ««7cilifctTaj|{*^trGa 
■ Inn N, Pi-, OgS^tt^ffll/^cfeOT-feSo 

[0 0 15] »*«2tC^5^tt, G a A sIlLb 
IC, (A 1. G a-. ) at I n«... Pjf (b<a^ 1) t 

(A K G am ) as I nas PH (0<b<a) %3£5 

(A l.Gaw ) as I nas PS (b<a£ 1) t (A 
KG am) as I nas Pi (0^b<a) 
ffLT$rtlfe±fll$M(£IM2:ftflMU Suf2Ga 
A s li«fcttLTgEfc£i«ijte#*^*sffi83ttS!¥ 
Hfcb— if*?fcfc^T, MIS^HJC mf&jxMtL 
rmmZ^tsGa. I nm N,P., gS¥*tt*Ji^fc 

[0 0 16] m$53icft3%lft& St3j<«2f2«©ffi 

mm*m&\s— mtt&^x. mmmtLx^m 

MOGa.Ini, NyP.-, f&fMt.. (A 1. G 

am ) 1 1 n.-, ?frtt%mwm^v<\,tmm.m*> 

L<tt^7^KIi:0^ «fig7c^i:LTA 1 tmm 

[0017] nsgu icftsaiBtt* »^3S2^fc(i3 

h**l»<¥aM*a«3fi*. AllnP, Gal 
nPSftttA 1 I nPtGa I n P*«»3Wt8HILfe 

[0 0 18] ii*«5^5^tt, W#«l~4©^ 
[0 0 19] 

[f£BJ3<Dflfi&<DJB!ig] $f\ M$£ 1 ICftS&l&Oflffi 

ilLT^^OGa, I nm N, P., VBMftmWt 
[0 0 2 0] G a. I nm N y Pm lt s G a. I nm P 

o37uii B B B K, vmTimtLxmmzm^Lrz 47tm? B 

ttnX&Zo Ga.Inm POMfflftmitl. 3 5- 
2. 2 4 eV0«HT?HffiBl£l!fcftoTV;6. *L 
Tx Gaxlnm PKS**iWiSIA^*i:» *©£M 

w«(tsxej£ i 1 5 o e vgais/jN-r^o seo 

T, Ga.Inm N, P,-, tt % 0. 6^mfiDWI 
[0 0 2 1] Sfc, G a, I nm P^g^fcaf Af 3 C 
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LfcfcJ^T^-fSo S£oT, Ga, I n.-, N y P,-, * 

£©£#), Ga, I n>„ N, Pi-, ^^ISUIfilCtfb 

l^-Vm=?<0f8fMK.m^Zk* 0. 6/imfOIg3t 
fiiWW*^— 9H6?-W«1, WHJ*»fMti*#r * £ i: 
tf-p**. 10 
[002 2101 (4*»«©3I! l HJt^JioiBSBfcl!* 

t>, nSGaAsIIlOlltC, nS¥*tt£JII!g 
jHMl 0 2, nH (A 1 o.j G aaj ) as I nas P^5 
7KI103, />K-/Ga..« I nu P^HIIO 
4 a, />K-7°Gao.6 I nu Nam Pa» fgftB 1 
0 5, 7:y K-7G aao I nm P t£dSB 1 0 4 b , p 
KAk, Gau )» I nu P^77 KIl 0 6, 
plGau I nas PI107, p^GaAsny^^ 20 
hB 1 0 8««)RK:ISft^fiffiT t xbr^*S/^;l/«fi$n 
TVS. n§«¥#tt£B§i£&ffil 0 214, S e K-7 
Ales I nu PtSeF-^Ga^ I nos P45S 
tc2 0««BLT»fi!cLfc o lO«^ £||j£ft&£L 

[0 0 2 3] f lt> C<D«fl*jS©aiBfr& nl!¥* 
fr0SS£g£fiil 0 2fc3£fS3:T*itgl 0/im©P3© 
«tl7fy^L, COX-yf-y^TRfflLfcRIBtt© 
tiffin nS^ft^BKefrfll 0 2<D*ffi*S i O, 
£8911 1 OT'MSLftc plUGaAsn^^^hBl 30 
0 8±(CH:U7h4-7SlcJ:D , J>'^Opflnnii l 
lttBAU y>#R©p*M*l l lJW&SStiTV 
ft^plG a A s H 1 0 84 plG an I 

nu PB 1 0 7 ©affiSTaRWKxy^-y^bTHf 
41-*o X'yf-V^ajiiA^tfJtfepSGaas In 
as PflO 7©±£«S§«#£BSI££tffi 10 95f 
f&Lfco COltf^MUilMIl 0 9 1± S i OtJBt 
T i 0 2 Bfc&ftift*© l / 4 Jtt*«UWPSSk: 6 H 
«1LT»*U S«l 0 l©*EfcnflMSl 1 24 
»»l/C»l*Lfc. 40 

[0 0 2 4] COlfS 1 *^8©iSIBfc£¥»ttU-1f 
JlPfJCfc^Ttt* Sffi&ttil 1 0 ii mOntWKiLft'f 
LTG a o.« I na. No.o, Pa» fgftB 1 0 5££A£ 
n, Gao.« I nu Nao, Pa* %)til0 5rtT*i)t 
*S^bT)tt3WttWtnS. Gau I nu Na.. Pa» 

mm i o 5 T*m&Lit%an®?m#&mmw>m 1 

0 2 £R«tt$«K££tfl 1 0 9©HT*#«LTlx~ tf 
9SKU If^SSi 0 1 fcttLTSHaariRl (0 

[0 0 2 5] plGais I nas PB10 7&, pS 50 
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(Ala? Gau ) as I nas P £ 7 V KB 1 0 6 t p 
MG a Asny^^M 1 0 8 0Hfc$oT, ^fn^ 

axa&**H5»Tl^S. pfGaas I nos PB 

10 78, 'J V^RfcJ&Jdtenfc pfflM 1 1 1 fr€>i$ 

[0 0 2 6] HftB 1 0 5C«^T^5G aa« I n«.< 
Nao, Pi» tttt^JBBfcWG a A s 1 0 1 ©|£f £ 
ttJ: t» fe/J^fcfc^lSIS^LT^o'^LT, G 
a i c I nu Nam Po.» ItftB 1 0 514, 1 % 

SSaiATSCfcCfcoT, Mfi^6 8 0nmi:S 
jfcgffcl/tVS,, *fc, Can. I no. < Nam Po.« H 
ftBl 0 514, g|i4j£Af SCfctCcfcoT, £$ifT 
jBtfl 5 Ome VtfifiTLTV^, 

[0 0 2 7]ftoT, Ga» In... Nao, Pa* fflt 
Bl 0 5t±, MfcfcSALfcV^tofcJt^T, pS (A 

I0.7 Gais ) is I nas P £ 5 y KB 1 0 6 £ ©{£?§ 

/U^-PWHeS&iBfcTpS! (A 1 0.7 Gau ) as I 
nas P 5vv KB 1 0 6flK*-><-7n-T5t!|£' 

[0 0 2 8] $fc, «!©JBl|SE6WgJS©®fS3ia!¥«ft 
U— *f^?t*U'»Tf4, Gau I nu Nao, Pa» ?g 
ttB 1 0 5 h (A 1 a? G ao.3 ) o.s 1 nos Ptyy K 

sio3, 1 0 6 fcofffltc, m&KMh^Tk i tmm 

4^$^:l\ Gaao I no. < PcpftUB 10 4a, 104 

Nao, Pip. ffitt« 1 0 5 ©^jSJEn^fS^^OfcT 

4S0*!lLTV^o fifoT,. <I©Jg 1 H«Jg|fi©iB»JfcS! 

[0 0 2 9] c©J;3tc, ^lUfiS^SIli, ffi$9(i{c 
**»fl©-SWBB»-«&»>, ^ B B H S«l 0 i±lcTg|3 
KIMIk tT©nS!imW*^BMS«a 10 2, G a 

o.o I nu Nao, Paoo H^B 1 0 5 J&ZS±&fc%i%tt 

LTcDmmwzm&BiMmi o 9 4«bu uneens 

£10 1 C«LTSa%^lRj^5t4]»l*-rS®^M^ 
flWffcfel^T, HUI2H7TJB1 0 5t, ««7C 
*fcLTSfi(S*ff«yGa. I n,-, N,P„ ©ig B B B *##: 

[0 0 3 0] 3Wc, W*5l2ti:ff*55ifl©iaBgJ8K:o 

GaAsfi£±t;i, (Al.Ga,-. ) as I no.s 
PB (b<a^l) (A lbGa.-b ) as I nos PS 
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(0^b<a) *3SK8HLTJ&£LfcT§B£JSI££ 
M&£. ffltmt, (A 1. Gam) as I nas PB 
(b<a< 1) £ (A U G an ) as I nas PI (0 

^ b < a ) *&mcmm Lrm^Lrc±^mms.mm 

t*W§U itufSGa A sSffi£#LTMlIft£lR]£ft 

coo-31] zaymammt. ±mmm 1 

WOUftBeiSfclSKKGa, I nw N,P, 7 10 
BKjai/»TV5ft&, 0. 6 /im^cDRjSySlCfct^TiS 
ffl*WAllflF*iS#f SC^^TtrSo Wfc. (A 1. 
Gam ) 0.5 I nii PB(b<a^l) £ (AUGa 
ih> ) i s I nii Pi (0^b<a) H> GaAsii 
fctt^S^U *oGa,I n,-» N, P.-» gH¥»fr£ 
D < i:#?t£o fi^T, {SB 
Jff^B<Z> (A l.Gai- ) cs I nii PB(b<aS 
1) r&mSr&MtD (A KG am ) o.s I nas PB 
( 0 ^ b < a ) *mm.&<r> i / 4 #¥fegJPT*£££ 
«lt*Ci:K:J:-3T» 3t»iR©^ftv^EW*OEi* 20 

5ch #rT flg ft 5 „ 
[0 0 3 2] «SaMPI3fiOJ*it'-p*5M*iB**«K:* 

*f:J:»£BiiiKii**» mmLtz i m^SfigST-ft 

[0 0 3 3] H2tt*58WOa2iafi»lfiOiBSS3tta!* 

U— lfift?ti, M*«2tH5»W<O-|ia0g»-P8 30 

nSGaAsIfilOlOlC, n§?¥3?#£BH 
KI\f&2 0K nl (AK. Gau )ii I nas P£ 
7'yKI10 3, /yK-^Gaa. In.. P^Bl 

0 4 a, />K — aae lno.t Naoos Passs 

12 0 2. />K-yGa».« In..< P"£&gBl0 4 
b, pS(Alo.7 Gao. 3 )as I nos P^7'yKIl 
06, pSGaot I ni.i P1203, plGaAs^ 
>^H20 4. y>K-^*»#^««5««2 0 
5 mm K x * * i/ * ;H£S2 ftt ^ So 

[0034] n zmm&m zoims/yv 40 

-:/¥#tt£Bffii£fti£2 0 5H\ -«SK (A 1 . G a 
1-. ) as I nas PB (b<a^l) £ (A KG 
am ) as I nas PS (0^b<a) %£SfcitJf L 
Tl,Mf3tf, <l£T*li, a=K b = 0. 2£LTS 
eK-7Al« I nas P t S e F-7A 1 a 2 G 
aa. ) a s I nas P 2 5 Wm LT»*L» 
/ > F-7¥3Stt£BISEIt& 2 0 5 tt / > K-y A 1 
as I nas Pt/^K-^Alu Gaas ) as In 
as P*£Sfc2 0#fWLT»j8Lfc. C<D*&^ <S 
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li/yK-y. nSF-y. pi!H-yo««ft«^ 
CCTli, nS¥«ft^JIMSIMl2 0 UiS 
e F-y (nffl) £U />K-"/*«ft^l«JE«il 

2 0 5ityyv-^£ttc a 

[0 0 3 5] fit, CO»l«!iiO*ii|*»6pS!G a 
As3y^hM2O4 0affiSTiE&5jtin©RH# 

fcRi^WRfclHIl 0/imOSi NVX?B£J£fi5cL 
ft 0 ^LT, c©Si NVX*eT-SfrnT^ftV>fH$ 
t^ub >*jT-6i&A,T*aaSWIW 2 0 6 *J&8U S 
i Nv7*l*B4Lftftt, /^F-!/¥tS#£B& 
5»»2 0 5®*ffi*B«VTpWtttl 1 1*M&L 

ft. ££i o loffiBicansnsi 1 

»Lft 0 

[0 0 3 6] CO*2«BP«OiBa3ta!*»»U--»f 

jif?K*v^Ttt, *aEttyDF^fr-6iisnTv^ft< 

Ti^fiftffcLT^ft^iigl 0 nmcDnmmmzM^L 

TG3a« In.. Naoos Passs ftftB 2 0 2 |Cj£ A£ 

ft, Gaao Inn Naoos Pa** fgftB 2 0 2 F*3T^ 

yfiS^LT^fta-r*. Gaao I no 4 Naoos P 

a»s fiftB 2 0 2 fiSLfcBi n lL J ¥#ft£BEI5 

im 2 o i a / > v-?*m#&mmmm 2 0 5 ora 
T-tmLTis— mmu v-*f%wmm 0 1 izwl 

TSilft73lRl (0 2 O^EPT? IrI) K%L*)&Ztl% 0 
[0 0 3 7] plGaa. I nn PB2 0 3«, pS 
(Ala? Gau )ts I nas P^^-y VM 1 0 6£ p 

IGaAs3^^hf2 0 4©P»oT, ^fn|? 

axa&***»x sft, asi o/xm©R?BtsigertT-iE 

[0 0 3 8] pSGa« Inn P B 2 0 3 B\ StSWfr 

ii'Gau Inn Naoos Paoos 5BtB 2 0 2 ©St*J 

HMB«k*»t>**^fti6, SBW2 0 2T?8£Lfctt<D«K 
lRA^>ft<ft5o L^L, pSGa... I nn P120 
3«, GaAsISlOl tWtT»?»^LT^>ft^ 
ft*, pSGai. I no.4 PB2 0 3O^JS*l Onm 

£m<Lrmmmm£Lrc a 

[0 0 3 9] pSGaAs3^^M20 4B > pH 

mm 1 1 1 £mmmzmti£iiz®i*zt5 0 l*» 

U piGaAs3^^H204B v HW^IB^G 
aa e I nii Naoos Po.095 ^tytm 2 0 2 «£ 0 t /Jn* ^ 
ftfe, jatBrtfc*i/>Tti3fc©!RiEBi:ftoTbS3e 
^CT*, plGaAsny^^H20 4tiGa.e I 
no.4 Naoos Po^ S^tB2 0 2T^£Lftft£>«RliS 
*T^5fttt«lifJ-r5fti6t, pIGaAs^y^^h 
B2 0 4©BW*5 nmfc»<}B«Lfco 
[0 0 4 0] 5S&B2 0 Ztcm^T^ZG an I nn 
Naoos Po.™ Ol«SB6 50nmJ:4oW5 0 
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ZLX. Gao.6 I no. < No.oos Poo* 5g^S2 0 2 

«, mmzmxtzztKiivT, eifTW7 5ra 

eVlfifltTU^S. S£oT, Gao.. In« N 

0.005 Poms HftS 2 0 2 M\ gimt^^i^t 

Jt-^T, p^(Al»7 Gau )u I nos P^yyV 

[0 0 4 1] |gl#W^£|B|*iH^ Ga*« I 

no.4 N 0.0ns Pn.«»5 ?S14B2 0 2i: (A 1 0.7 G 
au ) 0.5 I nu P^77F11 0 3, 1 0 6 fcOH 10 
£, «fiSi7t;#gi:LTA 1 i:S**£$ft^G ao.o I n 
0.4 P^fMl 0 4 a, 1 0 4 bZZiX^timttT^ 
5,, CtUCcttK Gao.6 Inn N0.005 Po.ms jStt/B 

2 0 2(»mm5ti j pftyffl&<D{&TZttiMLx^Zo 

[0 0 4 2] #SStm&<D**T. 

tt^l^Sl^2 0 1 fc±SP¥«fc£AII£lt&2 0 5 
ag!LfcllHlO*S B B H fiE5T'{tfiT*#S©T% &Sg§ 20 

[0 0 4 3] CtDiot, £2fgffl0Btg& »*S2fc 
«*BE<D-fS«J&tRT?fc 0, GaAsIilOli 
(A 1 • G a 1-1 ) o.s In u PI (b<a^l) t 

(A lb G a.-* ) 0.5 I no.s Pg (0^b<a) ££5 
K«WLTJB*bfcTffl^lillR««2 0 1 8KA 
2 0 2£, (A l.Ga., ) as I ms PI (b<a^ 
1) t (A lb G aw ) o.s In.i Pi (0^b<a) 
*XSfcfWLT^«Lfc±»£AIIK«ti2 0 5 t* 
ItlU BUI2G a A s 2& 1 0 1 fc»LTSi£ft#filfc 30 

Hftil2 0 2t, »*7G*fcLTS*fc-£&G a. I n 

811-5 CfctfTt, £M©Sfh jBlffj^SJaT-^Sfc 
[0 0 4 4] »#«3Kff*«W©*ifc«»tO 

sS««2t^5^£0^fi!i^cr)ffi^S¥#ft 40 
U-tffl? {C*V>T, ««7C«i: LXmmZStsG a, 
In,, N,P, 7 (Al.Ga,, ).In.-. 

p & ft 4 bba fe u < immm *> l < a * ^ >y ha 

[0 0 4 5] *^0^#K«t5HHk:43l/>T, G a 
.Inn N, P- y ^S%^£D@^7C^i:LTA 1 
tf (A l.Gai, ) i I n.-z PA4)±fcit»?i5J*1"S 

*S^7*oi;-tfv7£ft^ Sffl7*h;l/5* 50 
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vb>x»flK«sT-rscfc3yjaa«nfc. *<:t% ft 

*3S3t«S»WO|ISS«ffi"ei4, Ga.In,, N y P, 

j&tmts (a i. g aw ) , i tin ?iy<z>izz>mm 
m^L<itymmm^L<it^^y vmtontc, ma. 

;fr&ft3tt'MA*tW*"£V3. CfiJCfct), Ga.ln 
[0 0 4 6] W#«4£^5fgB£©|lSlJfc|g£0 

&<*mfcmmm*. AllnP, GAInP£fc«A 
1 I n P t G a I n P*SSB«fc«ALfcfitt^*ien» 

[0 0 4 7] jMr©A 1 G a I n P &®fgft§!>¥3ltt U 

WKR&Zvv KB, BSA9# (Al.Ga., ) ' , I 
ni-. P (0<wSl) ©4^B B sfr£1ifi5c2n5o C 
©*SJIfflfi!cltw, z ri&1* L fc&AT— m ittftoT^ 
ftl/\> (A l.Ga., ).I n>, P © 4 7E&£©&jft 
tt, A 1 i: G a I n©JI»0jS^^©fli3&Jt¥*S 

[0 0 4 8] «*tit\ Wil£JS^fSfiSiS?£©lg£\ G a 
KSTftSTMG, A l®BT*fc*TMA» Inl^T 
355 TM I 0)&i/V yf-KLffit** >J 77ic.miS7.iDm. 

fc, iffHHf^^aiOJBlCtt, G a, A 1 s In 
©*KR-b;i/©Sfi*SASCi:JCJ:oTGa» AK 
I nOfl»6«*IBl«ILTV^. dOfcfe, ffl$©gft5 
(A l.Ga.-. ) 7 I n>, P<D47t*£Hi£jIMLTj£ft 
t**«^JCl4, fiScfi4"»f^S^AtiTv77a-ny 
h a - v (DfaM^-t ;l/Ojafi**!E L. ft itntf ft £ % 

[0049] ffij£m4iz&zftm<Dntmmia5^x 

«, (Al.Ga., ) . I n.-. P©47cS B B a%> RWf© 
iWO^e*^* A 1 InP/GalnP 3 7cSA0g 

ft5 (A 1. G a., ) , I nw PA*/^l/7©«»)» 

kA^SItftSo ^©fcft, £aj£ftXS#ffi¥k:ft 

Sfc47c^ B B a OMf 5ot*/jN*<t*c i:A^T' 
t5 0 

[0 0 5 0] H3 tt*«WO»3«*JB«OiBf6)ia!¥ 

jBoffif^s^ftu-ifjR^iaAWifi^istv^Tra* 

ft«jfii:ftoT^5o 

[0 0 5 1] COSB3«Wii , Offi»3^iMI»U-1f 
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*?tt» nUGaAsSISlOl <D±K, nS*i^ 
mmS.Mm.3 0l, niAlas I nas P^7-yF!3 

0 2, £M?#P?gftgP3 0 3, pHAKs I nas 
P^7>vKS3 0 4, plGa.i I nos Pll 07, 
p^GaA s^yZtVmz 0 4, /yH-^f^ 
«KKi<f§l3 0 5^»Cxe^+5/^;l/figS^nT^ 

pffiHttHl 1 1*»*U ISfil 0 l<Dg®fcnflimffi 

1 1 2£sl3ibTJBfi£bft 0 

[0 0 5 2] nI!!¥##£Jflg®Wfi3 0 l'tt, 04 10 

[a] tc^f £9t{ga#wi4 o i mmxmm4 o 

2 jb^sfio i / 4 5ssk: 2 5 mm b 

TJB«?tiTt>5. fl£B9r*M 4 0 1 S e F-7A 
Us I nos Pfr&fcoTfc^ *JB#r*li4 0 2ttJi 

JP4. 5 nm©S e K-^G am I n« P kJiJP 1 . 
5 n mffl S e 1 as I nas P©ffl«?«3fi*»5 

«l^tlTV>5o C©S1g?1S^cD«fijm*§«, (A 1 

ai GaaOas I nas P t gCf 5 <k 5 * O T 

MtlC* />F-7^fc£JiBtE»*3 0 5 
«\ />K-7A la s I nas P^y>K-^G aas 20 

I nas P/yyK-^A las I nas P Offlfcf-ffiM. 

2 o«flwsnTJB«?nrt^s. 

[0 0 5 3] Sfe, 04 [b] tt£Mtfy#p5Sft«$3 

0 3<D*ig*^to ^«s?«f^sp3 o 3i±. mm 

3nm©Gaas I nas Naoos Passs %#pg4 0 4 
kU MM3 nmOA las I nas P%|^gjf4 0 5k 
LT^«« WFJi4 0 4OaH:5fflfctfc. Gaas I 

nas Naoos Pa»s ftp! 4 0 4 ©fBfcttStt 6 5 0 
nmt^TWo fLT, Gam I nas Naoos P 

a** #P®4 0 4«\ gSS*3SAbftc:k£<fcoT, 30 
plAU. I nas P^77Kl3 0 4l:©ei§A>' 

[0 0 5 4] Ga«.s I nas Naoos Po.»s #Pl4 0 
4 k, nllAlas I nos P^7 7 KJB 3 0 2 $ felt A 

las I nas PKHH4 0 5 SftttpHA 1 as I nas 

P^y FB3 0 4k€>HS£&, ^n^tlGaas In 
as P*HH4 0 3*2#?JfAL-tv>*. cialcj: 

t>, Gaas I nas Naoos Pooos #PH 4 0 4 O^ffi 

[0 0 5 5] 3: ft, SB3«tt»«OiB«WS!imW*P- 

IfjR^tC^VTtt, Gaos I nas Naoos Pa»s #P 

B4 0 4 t pUG a A s3^^ hjf 2 0 4%i^T, 
WHIifi^G a A s ££ 1 0 1 A 1 as 

1 nas PkGaas I nas ?<D37X$£Ml<02>-X*M$.Z 

T^-r«c:i:^Rlt6^%5. *©ft£, IgAjftftxg 
AW^ot^S, A 1 G a I n P©47t;*SiB 

=£, nV0KMVflHHi?SGau In« P/A 1 50 
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as I nas P08tt?«fiiKB*»*-EV3. fl£ot\ 
[0 0 5 6] £©£?£, $3£ffl5Jg£(i % ffl$g3l<: 

Ga.In,-, N, P.-, HftJlkbT©#pJl4 0 4k, 
(A l.Ga„ ) . I nw P e.&SgitJIfc b < ttjt 

»i£Stb<tt^7'V HStbTOA las Inns P^7 

7->HS3 0 2, 30 4k<DHfc:, MSliLTA! 
kS**#tfcl,>I I I -V&^fttmfrSfcS'FlH 
ItltOGao.s I nos P4>IHJg4 0 3£Sttft 

©r% ±E«3ii««!ii4:ra«*a**!i"r«^«-pa 

<, Ga.In, N y P,-, SBfcJI©*S B B B tt£[R]±2-e* 
C k#T't, U— 9*f<D««»tt**#-r 5 C ktf T 

[00 5 7] fft, S3lOH6jia« M*5Hfc&£5g 

mco-mmmmx^ k> , m&g 2 s ft a 3 i2«offi%7t 

S!¥»#Wifim:*$^T , Wtm k bT©#p/I 4 
0 4 tziyZthmtLTCDpmG a A s3>W M 
2 0 4*»<i|MiWI*ifi*, A 1 I n P. G a I n P 
3: ft « A 1 InPtGalnP £fHl!$l£flMi bfciBft 

?«3sr*«^bft©T% ±mmzmmmmtmm^^ 

$fttt>>+ » *-0HJH©#TffiJ»bT}ft£-rsc 
[0 0 5 8] flt$g5 t«S»WOHJBg»tO 

a, 1 ~ 4 ©v^-f n*Hci5moffifi^iy#«^b 

bT> J:DS»fi©3t«iftRai>6nTt'«S. aft, DV 
DfOtf-f X ^IS^S4»S©7t^ k LT, 6 5 0 n 

[0 0 5 9] HRt, S^S^ISftU— WR?tt, ifi 

HffS"P»SCk*^*a:V^ b^U TtxfT.^fBfiS 
S4gS©7tjgk bTS^I^^ftb— »fil6?*ffl^ 
5k, KRK:iSV^*>yb0«*H»6nSfti6, b— 9 s 

4zmmn£ ! &wcoy£M£LTG a.inn n, p.-, 

Slkft 0^ $ft?gJ[#14*^»*7tT^ 

[ o o 6 o ] m 5 4 nmBmoytr * x ^ 

lE^s^sa^^-rc z. 4 suBgisot-r -f x 
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a 0 ±!28i i nm^m-m 3 mtmm^t n^(omm 
mim»u-^m^5 o i ^mMtntcu— v% 

li, UyX5 0 2T°mftZti. kT-A77U\y*5 0 3 
£jIoTjI«^5 0 4T£lif£n^ RO&fcU^XSO 

5 -en.ytitixK'rj 5 o 8 mmmmfrtiZo 
ytTjxt 5 o 8 icmwz$m?zm£icit, xt>m® 
ia&KTmmsi*m&i'— m^s o i tmmmmc 
mimic i k> mmm* nr \s-*fyt&&tfXTjmmz 

6UTXIl«ti, ft-rV X* 5 0 8 ©ES®fcfll**flE 

a«n*. io 

[0 06 1] 1tSB±B#K:«\ ftx^T.^ 508 

T-s&snfcu— tf^ti, «»>fc#u>X5 0 5» iiffi 

5 0 4 ») , tT-AX^U 7^5 0 3 T— SPtfEftf 
£nTU>X5 0 6K<}:t>*ft£ft, #t*tH«5 0 7lc 
*WiT*Hi«*i*. 5 0 8 3^6©S«3tH: 

Kt<<7.>7 5 0 8©iB»a©fltt8K:jSCTSBI*n*fc 
J6, ft*£tti§§ 5 0 7 TflMftWISMWi: LTS££n 

[0062] c ©n 4 *jBB*o«7 s -f t. zwamsEm. 

■fcfel^TH\ HftJl £ LTlSft&ft 6 5 0 n m© G a 20 
I ri NPJBft*m%«v^i5f8^ai*3f<*U— 
^teKEfifcj&A/Pte t> » f-ORJHWtf 6 5 0 n mt*$ 
<K U— lfX*v HB«««XraKi£v^«», 1/— tf)C* 

tBjSOHMiEfla^RrDB-pfeSo Ga I nNPIfc 

[0 0 6 3] £OJ:5C, £4Hfl0BiM4* »*«5te; 
**»»D--*li0Hrc* t> > l ~ 4 oi/vfftfr 
fcE«OiB«)iaMNW* U— 9*F 5 0 l %ytM t LT 30 

[0 0 6 4] M^6lcff«3^4)&flHBftl<:o 

*m%mmmt. m&h 1 ~4 o^-fti*»icE«©iB 

[0 0 6 5] ftoTs •?7XT4vtft.7 7'{>Vt, - 40 

&W£*lTV^ 0 y7Xf-/7^)t77^;^ 
«T*Ri|J^tfffi<ft3^*5LTfc!K 0. 6 /im 
S©4MH*l/-fiW7 , 7Xf>f y *t£77^JB# 

ttU— ■ «f*ftt» iMifft«%l Og£3fct>7i#K #77 

[0066] 77X7V^ft7 7^rattiimgg© 

KffitLT. Ga, In,- N y P,-y tflspfcSBfcJIfcffl^ 
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[0 0 6 7] H6tt*56WOS5H««JB©7'5^x^ 
<D7'7X 1 r<t v*yt7T>frtRWak1B&Mti. M^6 

t» , si&g i ~ 4 ©v^ n 

*HC|5«©li^Sa^ttlx-1f|g?6 0 3*ft?iifcL 
Tfit*.fc<:££1$iafc-f 6 0 c<oa5*SiHB»<07 , 7X 
T-fy^3tt7 7-f^ffl3tt2Ha«ll6 0 Hi, 

«. )tssfiStii6 o i rt©ig»«6 o zimmmmm 
6 o i Kxij2nrzm%.mmz&K-cw$&ts!*mwi' 

— <fj|?6 0 aoMfWE^SWrsctKi*), ®n 

[0068] 77Xf^y^ yt7 7-f'mymm%iW6 

0 1 ©tt^£LTffl^fcSfiM¥«f*^-' m?6 0 
3<0SbWKH:Ga I nNPi^etiTfe!), 
»1^6 80nmf6!3, 7"77f^7^7 7^ 
6 0 4 4«T-©tt©©lKS£fcfflfM-f * 
LT, Gal nNPSU- ^JiS^tfj^KKf 

6 0 ioafi«Ht*«a»taao ffifsts^swt 

7 Xf w y 5 %y 7 -Y ^ t ®ffiS&®*Z& < f i. c i: 
[0 0 6 9] ^5HBI^±, «^6t 

«*RW<D-nffl^!RTf * I? > m&m i ~ 4 ^^-rn^ 

fc8BK©iB5fetS!*»ft U— «f 6 0 3 t LT 
[0 0 7 0] 

0^--^-7P-*VJ^<^^ 0 t^-pT, 0. 6|im^ 
[0 07 1] »*S2J«:«*fgWK:J:ntfx JUBfllrtfc 

j: o , i iH«©®f€^S¥^{* u— if t mm 

tzzmmEimz 1 0©tta**efMw-«c 

[0072] m#m3ic9kz9mcj:was issmmc 
«t t) , m^m 2 taKoffi^s^^ft u— »f r« 

Tt5o 

[oo7 3] 11*514 t«s«wt«ktitf, jjemmc 
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«fc t> » mm 2 * tz it 3 1 eeo®^)t^¥#ft u— »f * > 

[0 0 7 4] «#Jg5fc&SfBlflfcJ:fttfx ±E««fc 
*D» <k 9 3EfciB«Wtt*« 

CO 0 7 5] H*?|6K:«5»iBKJ:nfcf, ±E*«lc 
«tD» -fvT&v i')K7?^^}:^^M)!) , lS<, 10 

[0 1 ] *f£tB©Sit 1 ^««©iKSttl!¥IW*U-- »f 

[02] *^<D^2Hfifi^©®^S¥«i*:U— 9 s 

[03] *«WOS3SISI«»©i55StS¥IWtU— If 

[04] |Q93||^SOnlMNi#^JIK5iniKtf 
£M?#FfgftSB£I^TSfci60T«fc3o 20 
[05] *f^©3 4 £90880*7^ 
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[06] *5Hfl©*5*Sl05«oy9XT-fy*yfi7r 
[0 7] fl£*©ffi»)l£a!A 1 G a I n P^afttU-+f 

[08] S£#<DGa I nNAsJRWSfcffll^fcl. 3 /t 
m*©iB«)ia!iNW* U— tf «?«*f>f iBHTft 5 . 
raHKDittfB] 

i o i s§n»g 

102 nS^Sft^gffligtfgS 

105 G a o.6 In 0.4 N0.01 Paso HftH 

1 o 9 mnw&mmfc%m. 

2 o i T&&mmmm 

20 2 

20 4 plGaAsnWH 

2 0 5 ±^£Jf StKMH 

3 0 2, 30 4 AKs I na 5 P^-yKS 

4 0 3 Gaas I nas Pfp-fR!Jl4 0 3 
4 0 4 ftpJl 

501, 6 0 3 wfflmtmms—vm? 
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